Steady-state kinetics and analysis of pH dependence on wild-type and a modified allosteric Pseudomonas aeruginosa ornithine carbamoyltransferase containing the replacement of glutamate 105 by alanine.
The substitution of alanine for glutamate at position 105 (E105A) of the allosteric ornithine carbamoyltransferase (OTCase) of Pseudomonas aeruginosa abolishes the carbamoylphosphate (CP) cooperativity observed in the wild-type enzyme. A kinetic analysis of [E105A]OTCase was performed in order to determine the mechanism of the reaction. The results of initial velocity and inhibition studies are consistent with an ordered mechanism with CP as the first substrate to add to the enzyme. In addition, similar studies have been made using the wild-type enzyme in the presence of the activator, phosphate. The results are similar to those obtained with [E105A]OTCase indicating that the residue E105 is critical for the allosteric transition of the wild-type enzyme. The activities of the wild-type allosteric OTCase and of [E105A]OTCase have been studied in the pH range 5.8-8.2 in the absence and in the presence of positive and negative effectors. The sigmoid saturation of OTCases by CP has been analyzed according to the Hill equation. At low pH values, CP cooperativity is low in the wild-type enzyme but cooperativity and [S]CP0.5 values increase markedly with pH. For [E105A]OTCase, the saturation by CP is hyperbolic at all pH values; in this modified enzyme, the presence of spermidine, an allosteric inhibitor of the wild-type enzyme, results in an inhibition which induces CP cooperativity. Thus, the ionization of the residue E105 apparently results in a conformational change in the wild-type enzyme which modifies the catalytic site. Since the [E105A] enzyme retains the heterotropic effects of the wild-type enzyme, other structural features are required for the allosteric transition in the wild-type catabolic OTCase.